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OBJECT, 


Object « 

The  object  of  this  theeis  is  the  design  and 
construction  of  a  Horse  Power  Meter,  to  be  used  in 
connection  with  a  rear  wheel  Dynamometer  for  the  testing 
of  automobiles. 
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PREFACE. 
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Pre  face « 


This  thesis  is  in  reality  a  continuation  of 
one  submitted  last  year  by  three  students  of  the  Mechan- 
ical Engineering  Department*   Their  aim  was  the  con- 
struction of  a  rear  wheel  dynamometer  and  horse  power 
meter ,  but  it  was  found  after  the  work  was  commenced, 
that  the  time  at  their  disposal  was  far  too  limited  for 
the  successful  completion  of  the  work  on  hand.   Accord- 
ingly, they  decided  to  concentrate  their  efforts  upon  the 
complete  construction  of  the  dynamometer  and  to  permit  tie 
horse  power  meter  to  be  finished  at  a  later  date*   The 
theory  of  the  latter  instrument  had  been  worked  out  and  a 
tentative  design  outlined,  but  actual  construction  had  not 
been  started1   When,  therefore,  work  was  commenced  this 
year,  a  great  deal  of  preliminary  project  work  was  elii»- 
inatedo   It  was  found  advisable,  however,  to  alter  the 
actual  mechanical  construction  of  the  meter  in  many  ways 
so  that  the  completed  machine,  save  in  theory,  bears  little 
resemblance  to  the  design  proposed  lasr  year* 

In  justice  to  the  students  who  preceded  us  upon 
this  work,  it  has  been  determined  to  include  in  tiie  de- 
scriptive matter  of  the  text  following,  a  discussion  of 
the  objects  sought  and  worked  done  last  year*   While,  as 
has  been  said,  the  meter  has  been  materially  altered  this 
year  its  general  principle  is  unchanged*   We  feel  there- 
fore, that  we  owe  a  considerable  debt  of  gratitude  to  the 
men  who  by  their  preliminary  investigations  pointed  out  to 
us  the  path  to  success*   If  in  the  succeeding  years  others 
take  up  this  work,  we  trust  that  our  efforts  will  aid  them 
even  as  we  have  been  aided*   This,  we  take  it,  is  one  of 
the  primary  objects  of  a  progressive  thesis* 

The  text  following  has  been  divided  into  three 
parts  viz;   Deacription  of  Apparatus;  2nd,  Actual  Design 
and  Construction  of  the  Horse  Power  Meter  and  3rd,  De- 
scription of  Tests  with  calculation  and  discussion  of  re- 
sults*  While  the  second  part  represents  by  far  the  larger 
portion  of  the  actual  work,  the  first  and  third  are  of 
great  importance  in  the  thorough  understanding  of  the  aims 
and  object  of  this  thesis*   Time  did  not  permit  of  a  series 
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of  exhaustive  teats  so  that  we  are  forced  to  leave  this 
part  of  the  work  to  future  investigation. 

In  conclusion,  we  wish  to  express  our  sincere  ap- 
preciation of  the  help  received  from  members  of  the  faculty. 
Many  of  the  more  difficult  problems  of  construction  were 
rendered  less  arduous  by  practical  hints  from  those  in- 
structors whose  long  experience  in  practical  work  has  en- 
abled them  to  foresee  and  forestall  difficult ies  that  are 
not  apparent  to  less  skilled  men.   In  this  connection,  we 
desire  to  acknowledge  our  great  debt  of  gratitude  to  Mr. 
Agle  and  Mr.  Fornhof  whose  help  in  the  machine  shop  was 
invaluable.   Several  difficult  forgings  were  furnished 
by  Mr.  Kennedy.    Mr.  Huntley  aided  with  practical 
suggestions  upon  the  calibration  of  the  copper  diaphragm 
of  the  meter.   In  the  actual  construction  we  are  greatly 
indebted  to  the  aid  lent  by  Smith  and  Dhu,  the  mechanics. 
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PART  ONE. 


PART  ONE 

Description  of  the  apparatus  and  of  the  oar 
used  in  the  tests ,   the  changes  made  in  them;  the  dy- 
namometer used  and  its  installation* 
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Halladay  Chassis 
Car  used  in  the  test  of  the  Horse  Power  Keter, 
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PART  QBE. 

Apparatus. 

The  primary  object  of  this  thesis,  as  has  been 
said,  was  the  construction  of  a  horse  power  meter  to  be 
used  in  connection  with  a  rear  wheel  dynamometer  in  test- 
ing automobiles.   In  addition  to  the  various  tests  that 
have  been  made  upon  the  Halladay  chassis  it  was  desired 
to  develops  a  method  of  measuring  power  actually  de- 
livered at  the  rear  wheels,  thereby  giving  a  means  of 
determining  the  efficiency  of  the  transmission.   The 
apparatus  already  installed  at  the  Institute  consisted 
of  one  Alden  dynamometer  mounted  upon  a  test  rack  and 
suitable  apparatus  for  measuring  the  power  absorbed  by 
the  dynamometer.   The  machines  used  in  the  test  were  a 
Halladay  chassis  and  a  Herroschoff  touring  car. 

The  Halladay  chassis  is  a  1911  model  made  by 
the  Halladay  Motor  Company  of  Streator,  111.   It  is  an 
assembled  car  in  the  sense  that  its  component  parts  are 
standard  designs  furnished  by  manufacturers  other  than 
the  ones  who  produce  the  complete  car.   The  engine  is 
a  Butenber  Model  RA  with  a  4  l/2,f  bore  and  5"  stroke, 
rated  by  the  makers  at  40  HP.   It  is  of  L-head  con- 
struction with  individually  cast  cylinders  that  are 
bolted  to  the  crank  case.   Cooling  is  accomplished  by 
means  of  a  honeycomb  radiator  through  which  circulation 
is  maintained  from  the  engine  by  means  of  a  brass  gear 
pump.   The  cluthh  is  of  the  multiple  disc  type  running 
in  oil.   It  is  provided  with  a  small  surface  brake. 
The  transmission  is  of  the  selective  type  furnishing 
three  speeds  ahead  and  one  reverse.   The  gear  ratios 
are  as  follows: 

First 11:45  to  1. 

Second 5:83  to  1. 

Third  or  Direct-  3.5  to  1. 
Reverse  -  -  13*33  to  1. 

The  propeller  shaft  is  enclosed  inasi  tubular  torque  tube 
and  has  one  universal  joint.   The  rear  axle  is  of  the 
full  floating  type.   Wheels  are  36"  in  diameter  and 
equipped  with  3  l/2"  tires.   Wheels  are  wood  of  the 
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artillery  type.   The  ignition  system  consists  of  a 
Hibbard  four  pole  magneto  for  ordinary  running  and  a 
6-volt  Exide  storage  battery  for  starting.   The  carbure- 
tor origfcnally  furnished  on  this  car  was  a  Schebler  Model 
D. 

When  work  was  started  this  year  it  was  decided 
to  replace  the  old  carburetor  with  a  newer  design.   The 
model  D  Schebler ,  while  a  good  carburetor  for  the  high 
grade  of  gasoline  obtainable  at  the  time  the  car  was  built, 
was  incapable  of  producing  good  results  with  the  ordinary 
low  grade  gasoline  of  to  day.   Starting  was  exceeding 
difficult  owing  to  imperfect  vaporization,  while  low  speeds 
were  not  to  be  thought  of.   The  engine  itself  seemed  to 
be  in  good  condition  so  that  the  installation  of  a  newer 
carburetor  seemed  to  promise  a  general  betterment  of  con- 
ditions. 

Inspection  of  the  available  carburetors  in  the 
possession  of  the  Mechanical  Department  revealed  the  fact 
that  only  two,  a  late  model  Ray  field  and  a  Schebler  R, 
were  suitable  to  the  car.   Unfortunately,  however,  it 
was  found  that  the  Rayfield,  owing  to  its  peculiar  flange, 
design  could  not  be  attached  to  the  engine  without  de- 
signing a  new  intake  manifold.   It  was  decided  then  to 
use  the  Model  R  Schebler  carburetor  exclusively  and  run 
the  oar  with  but  one  carburetor.   The  Model  R  gave  ex- 
cellent results  when  applied  to  a  4-oylinder  Rutenber  en-- 
gine  of  the  same  type  as  that  used  in  the  Halladay  chassis. 
The  difficulties  of  installation  did  not  appear  to  be 
very  great  at  first. 

The  first  operation  undertaken  was  the  removal 
of  the  short  extension  to  the  intake  pipe  used  to  bring 
the  carburetor  to  a  low  enough  level  to  allow  a  steady 
flow  of  gasoline.  The  new  carburetor  was  of  the  vertical 
type  instead  of  being  horizontal,  and  thus  had  to  be  at- 
tached directly  to  the  intake  pipe.   In  order  to  fit  the 
standard  flange  of  the  carburetor  to  the  old  design  of 
manifold  it  was  necessary  to  construct  a  solid  flange  or 
"Dutchman"  to  be  placed  between  carburetor  and  manifold. 
Considerable  time  was  spent  in  properly  adjusting  this 
flange  to  secure  the  most  accessible  location  of  the  car- 
buretor.  The  old  fittings  of  the  gasoline  line  had  to 
be  replaced  with  new,  and  a  new  position  of  throttle  con- 
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trol  adopted.   When,  finally  the  installation  was  com- 
pleted, it  was  found  that  the  carburetor  had  been  so  dis- 
arranged that  its  adjustment  was  very  poor.   However, 
time  and  patience  overcame  this  difficulty  and  the  ap- 
paratus was  at  last  placed  in  working  order*   The  very 
first  running  of  the  engine  indicated  a  vast  improvement 
in  operation*   The  motor  ran  regularly  and  quietly  at 
low  speed  and  a  sudden  opening  of  the  throttle  gave  a 
most  pleasing  acceleration  of  speed,  with  little  sign  of 
ehoki&g*   In  fact  the  entire  car  appeared  to  have  taken 
on  a  new  lease  of  life* 

The  dynamometer  installed  in  the  test  rack  pit 
is  an  Alden,  mounted  upon  a  2"  shaft*   It  consists  of  a 
cast  iron  disc  keyed  to  the  shaft  so  as  to  rotate  with  it* 
On  each  side  of  this  disc  are  two  stationary  copper  dia- 
phragms which  are  enclosed  in  turn  in  a  cast  iron  casing 
which  also  rotates  with  the  shaft*   Water  is  admitted  to 
this  casing  in  such  a  way  as  to  apply  pressure  to  the 
outer  faces  of  the  copper  discs*   This  produces  friction 
upon  the  cast  iron  disc  and  thereby  applies  a  load  to  the 
oar  upon  the  test  rack*   The  amount  of  the  load  is  varied 
by  means  of  the  quantity  of  water  supplied  to  the  casing* 
An  arm  or  strut  is  affixed  to  the  casing  in  such  a  way  as 
to  afford  a  means  of  measuring  the  power  absorbed  by  the 
dynamometer*   Originally  the  extremity  of  the  arm  rested 
upon  a  platform  scale,  so  that  the  product  of  the  scale 
reading  by  the  length  of  the  arm  was  a  direct  masure  of 
the  foot-pounds  of  work  absorbed  by  the  dynamometer*   It 
was  intended  this  year  to  design  an  instrument  to  replace 
this  platform  scale  in  order  to  record  the  torque  developed 
in  combination  with  the  speed  of  rotation  as  a  direct 
function  of  horse  power* 

The  test  rack  upon  which  the  dynamometer  is 
mounted  consists  of  a  rectangular  bed  plate  carrying  two 
cast  iron  pedestals  which  support  the  shafting*   The  bed 
plate  is  an  iron  casting  6'  11"  long*  2'  5"  wide  and  5" 
high*   It  has  on  top  four  planed  surfaces  each  7"  wide 
and  24"  long  upon  which  the  shaft  pedestals  rest* 
These  pedestals  are  2"  high  and  24*'  X  6"  at  the  base* 
The  upper  end  carries  a  recess  in  which  a  set  of  roller 
bearings  is  held*   Each  bearing  is  9^H  in  outside 
diameter  and  1  16/16"  on  the  inside*   They  are  held  by 
special  caps  which  are  adjusted  by  set  screws  placed  at 
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angles  of  120  degrees  around  the  circumferference  of 
the  caps*   The  shaft  is  a  chrome  nickel  steel  2"  in 
diameter  at  the  middle  and  1.96"  at  the  bearings.   At 
each  end  is  mounted  a  split  pulley  upon  each  of  which 
rests  a  drive  wheel  of  the  car  that  is  under  test.   These 
pulleys  are  3'  10"  in  diameter  with  a  &%"   face.   They 
are  held  together  by  means  of  4  3/4"bolt;e  at  the  hubs  and 
4  •§••'  bolts  at  the  rims.   ThB  entire  apparatus  is  mounted 
in  a  rectangular  pit  7'  2|»  long,  5'  3"  deep.   It  is 
lined  throughout  with  concrete  and  iB  fitted  with  water 
connections  and  drains. 

All  of  the  above  test  rack  apparatus  was  installed 
by  last  year's  class.   They  intended  to  construct  a  horse 
power  meter  to  take  the  place  of  the  platform  acales  men- 
tioned above,  but,  the  time  was  too  limited.  When  this 
fact  became  evident  to  them,  they  devoted  their  energies 
to  getting  the  dynamometer  in  good  working  order.   In 
order  to  secure  a  few  specimen  tests,  they  installed  the 
scale  and  took  direct  readings  of  the  power  consumed  in 
foot  pounds.   The  following  pages  will  give  an  idea  of 
the  principle  of  the  instrument  constructed  this  year  for 
the  purpose  of  measuring  the  horse  power  delivered  at  the 
rear  wheels  of  the  car  direct. 
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PAKC  TWO. 

Design  and  construction  of  the  Horse  Power 
lister,  a  description  of  the  apparatus  after  completion 
and  the  working  principles  of  the  instrument* 
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PART  TWO, 
Design. 
The  design  and  working  principle  of  the  instrument. 
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Horse  Power  Meter  and  Accessories. 
The  meter  itself , showing  the  gear  box, the  tach- 
ometer and  the  relative  location  of  the  instruments, 
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PART TffO. 

Design  and  Conetruotiin. 

Bsalgj  -  A  horse  power  meter,  as  ite  name  implies,  is 
an  instrument  for  determining  the  power  deliverable  at 
the  rear  wheels  of  an  automobile*   To  accomplish  its  pur- 
pose it  must  record  simultaneous  readings  of  torque  and 
speed.   The  product  of  these  two  quantities,  as  everyone 
knows,  is  a  measure  of  the  work  done,  or  if  the  work  is 
done  in  a  unit  time,  is  a  measure  of  the  power  produced. 
It  would  have  been  simple  enough  to  have  designed  an  in- 
strument to  record  these  readings  separately,  but  to  make 
one  that  would  combine  the  two  so  as  to  read  horse  power 
direct,  was  another  matter.   A  proper  application  of  physical 
principles,  however,  resulted  in  the  design  of  the  in- 
strument whose  theory  and  construction  are  herewith  pre- 
sented. 

We  had  on  hand  a  E»ans  of  producing  pressure  at 
the  end  of  the  torque  arm  of  the  dynamometer  described 
in  Part  One.   How  to  utilize  this  presure  in  combination 
with  a  speed  recorder,  was  the  problem  presented.   It 
was  determined  to  have  the  instrument  itself  take  the  form 
of  an  indicator  much  on  the  lines  of  an  ordinary  steam 
engine  indicator.   The  cylinder  upon  which  ths  chart  was 
to  be  wound  was  to  be  actuated  by  the  pressure  produced 
by  the  torque  of  the  dynamometer.   The  indicating  mechan- 
ism was  to  be  operated  by  a  speed  recorder.   The  result- 
ant motion  of  the  two  parts  of  the  apparatus  would 
naturally  then  give  a  measure  of  the  power  produced.   By 
calibrating  the  instrument,  this  power  could  be  read  in 
units  of  horse  power. 

The  principle  of  fluid  pressures  was  finally 
decided  upon  as  the  best  means  of  actuating  the  recording 
drum.   By  connecting  a  reservoir  of  fluid  to  a  manometer 
on  the  instrument  it  was  found  that  pes sure  exerted  on  a  dia- 
phragm covering  the  air  tight  reservoir  could  be  trans- 
mitted to  the  manometer.   This  pressure  naturally  caused 
a  movement  in  the  level  of  the  liquid  in  the  leg  of  the 
manometer.   By  attaching  floats  and  suitable  levers  to 
this  manometer,  the  recording  drum  of  the  meter  could  be 
moved  in  proportion  to  the  pressure  exerted  on  the  reser- 
voir.  By  making  the  reservoir  take  the  place  of  the 
platform  scale  of  the  dynamometer  test  rack  the  pressure 
exerted  by  the  torque  arm  of  the  dynamometer  could  be 
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The  Tachometer. 
Showing  the  tachometer  after  reconstruction; show- 
ing in  detail  the  aluminum  disc. 
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recorded  directly  on  the  meter.   Thus  one  half  of  the 
problem  of  the  instrument  was  solved. 

To  record  the  speed  of  the  dynamometer  shaft, 
it  was  decided  to  employ  suitable  gears  and  shafting  to 
bring  a  tachometer  up  to  the  meter.   Here  a  drum  was  to 
be  placed  in  such  a  way  and  manner  that  the  speed  of  the 
shaft  would  wind  up  a  light,  strong  silk  thread  on  its 
circumference  and  thereby  move  a  pointer  across  the  sur- 
face of  the  recording  cylinder,  described  in  the  preced- 
ing paragraph.   The  relative  motion  of  these  two  moving 
members  multiplied  by  proper  constants  of  calibration, 
would  then  be  a  measure  of  the  power  produced  at  the  rear 
wheels  of  the  oar.   This  method  of  actuating  the  horse 
power  meter  was  considerably  different  than  the  one  out- 
lined by  last  year's  days.   They  proposed  to  work  the 
drums  of  the  meter  by  means  of  a  sy  stem  of  pulleys ,  which 
were  in  turn  to  be  rotated  through  the  movement  of  the 
dial  on  a  Chattilion  spring  balance  which  was  to  support 
the  dynamometer  arm.   The  speed  mechanism  was  to  be 
aotuated  through  a  tachometer  driven  by  pulleys  and  an  end- 
less belt.   While  this  msthod  seems  to  promise  well  in 
theory  it  was  felt  that  the  meter  would  be  too  spasmodic 
in  its  action  and  not  sensitive  enough  for  accurate  test- 
ing.  Accordingly  it  was  decided  to  confine  our  efforts 
entirely  to  the  first  method  described  and  rely  upon  that 
as  a  means  of  measuring  the  power  at  the  rear  wheels  of 
the  oar. 
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PAKE  WO. 
Construction* 
Construction  and  description  of  mechanism  that 
has  to  do  with  the  Horse  Power  Meter* 


Construction. 
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PARI  TWO. 

Assign  and  Construction* 

Construction  -  After  the  design  had  been  completed,  work 
was  commenced  in  the  machine  shop  upon  the  castings  for 
the  oil  pressure  reservoir*       This  was  a  shallow,  cylindrical 
flanged  bowl  of  oast  iron  12"  in  internal  diameter  and 
2-1"  deep*      The  diameter  across  the  flange  was  16»  and 
the  thickness  of  sides  and  bottom  was  ■§•"  and  -f"  respect- 
ively*      In  the  center  of  the  base  was  a  small  pedestal 
designed  to  prevent  the  diaphragm  which  fitted  across  the 
flange,  from  being  depressed  too  far*       The  flange  was 
drilled  for  8  s/4"  bolts  to  hold  the  cap  ring  in  place* 
This  ring  was  of  cast  iron  of  the  same  size  and  shape  as 
the  flange  of  the  bowl  upon  which  it  fits* 

Two  corrugated  discs  had  been  designed  for  use 
with  this  bowl.       One,  made  of  thin  sheet  copper,  was  the 
only  one  actually  used,  as  it  was  believed  to  possess 
greater  sensitiveness  than  the  other,  which  was  made  of 
brass  and  slightly  thicker  and  stronger  than  the  copper* 
It  was  really  intended  only  as  an  auxilliary  in  case  the 
copper  disc  failed  to  stand  up  under  the  tremendous  pressure* 
Actual  test,  however,  showed  admirable  results  with  the  cop- 
per   under  pressures  in  excess  of  1000  lb*  so  that  the  brass 
plate  was  not  required* 

when  assembled,  the  reservoir  consi sted  of  the 
cas*  iron  bowl  with  its  upper  surface  covered  by  the 
corrugated  copper  diaphragai*       This  was  held  in  place  fcy 
the  cap  ring  bolted  down  securely  upon  the  flange  of  the 
bowl*      In  order  to  insure  a  perfectly  air  tight  joint  two 
paper  gaskets  were  inserted,  one  above  and  one  below  the 
disc*      In  order  to  remove  any  excess  air,  which  might 
accumulate  under  the  disc  when  the  reservoir  was  being 
filled  with  oil,  a  •§•»  hole  was  tapped  into  the  side  of  the 
bowl  and  from  this  a  copper  tube  was  lead  up  in  under  the 
disc  inside  the  bowl*      A  short  length  of  bronze  tubing 
with  a  brass  stop  cock  was  fitted  to  the  other  end  of  the 
copper  pipe*      Connection  to  the  reservoir  from  the  out- 
sidewas  made  by  means  of  a  ^ "  bronze  tube  also  fitted  with 
stop  cooks* 
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For  testing  and  calibration  purposes  a  vertioal 
stanipipe  of  -j-"  tubing  was  connected  to  the  reservoir. 
At  the  top  of  the  standpipe  was  a  connection  for  a  temporary 
manometer  and  also  a  relief  valve.   The  manometer  used 
used  was  merely  a  long  U-tube  of  glass  filled  with  mercury  and 
clamped  to  a  scale.   The  reservoir  was  filled  with  a  light 
lubricating  oil,  and  all  air  carefully  farced  out.   Particu- 
lar pains  were  necessary  to  secure  this  condition,  as  the 
presence  of  air  would  have  rendered  the  apparatus  very  slug- 
gish in  its  action  and  might  even  have  puntured  the  disc. 

when  the  last  trace  of  air  was  removed  in  the. 
reservoir,  standpipe  and  monometer,  the  connections  were 
carefully  tightened  and  all  valves  closed.    A  semi- 
spherical  bearing  plate  was  designed  and  machined  in  order 
to  bring  into  play,  as  the  load  was  increased  on  the  reser- 
voir, successive  corrugation  of  the  disc.   The  load  was 
applied  in  fifty  pound  increments  by  means  if  cast  iron 
blocks,  and  at  every  application  the  manometer  reading  was 
noted.   The  maximum  load  applied  was  1000  pounds*   It  was 
dound  throughout  the  entire  range  of  load  that  the  pressure 
in  the  manometer  was  directly  proportional  to  the  load  applied, 
so  that  the  calibration  curve  is  practically  a  straight  line. 
Tjie  data  taken  in  this  test  was  kept  for  use  in  the  final 
runa  made  with  the  completed  apparatus. 

As  soon  as  the  calibration  was  completed,  the 
standpipe  and  manometer  were  removed  and  the  reservoir  taken 
to  the  laboratory  to  be  installed  under  the  dynamometer. 
For  this  purpose  two  wrought  iron  brackets  were  forged  from 
2"X  -§"  stock,  each  20"  high  and  18"  wide  and  wer*  Used  as 
supports.   These  brackets  were  bolted  to  the  bed  of  the  test 
rack  by  means  of  ■§•"  bolts ,  under  the  torque  arm  of  the  dy- 
namometer.  Upon  them  was  bolted  two  iron  bars  of  2"  X  ^•° 
stock,  to  carry  the  reservoir  which  was  bolted  to  the  center. 
A  slot ,  2"  long  and  •§■"  wide  was  machined  in  these  cross 
supporting  bars  in  order  to  permit  an  accurate  adjustment 
of  the  reservoir  under  the  pin  of  the  water  brake  arm. 
The  spherical  bearing  plate  was  held  in  place  upon  the 
copper  diaphragm  by  light  steel  arms. 

The  torque  arm  of  the  brake  used  in  the  tests 
last  year  was  15^"   long.   Upon  application  of  the  pressure 
reservoir  to  the  dynamometer  it  was  decided  to  lengthen 


The  Recording  Device  of  the  Meter. 
The  gear  box  at  the  left, in  mesh  by  means  of  hel- 
ical gears, with  tachometer  on  right, constitute  the 
recording  device  of  the  Horse  Power  Meter. 
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the  arm.   After  careful  consideration  and  measurement,  the 
old  arm  was  removed,  a  new  piece  welded  on  and  then  machined 
so  that  the  torque  arm  was  lengthened  until  it  was  just  equal 
to  the  radius  of  the  large  pulleys,  and  then  a  cone  shaped 
bearing  pivot  was  inserted  in  the  arm. to  bear  centrally 
upon  the  bearing  plate  of  the  reservoir.   Stops  were  pro- 
vided to  prevent  the  dynamometer  from  making  too  large  an 
angular  movement  under  variation  of  load  or  to  prevent 
violent  jumping  or  pounding.   The  oil  leads  from  the  reser- 
voir to  the  horse  power  meter  were  not  connected  unted  the 
entire  apparatus  was  completed. 

In  the  meantime  work  was  progressing  rapidly  upon 
the  recording  device  of  the  meter.   This  consisted  of  two 
cylindrical  brass  drums  each  2"  in  diameter  and  l&g-"  long, 
rotating  one  above  the  other  in  a  light  aluminum  framework 
on  sets  of  the  most  accurate  and  sensitive  ball  bearings 
available.   This  framework  was  rectangular  in  form,  much 
like  a  shallow  box,  and  was  18"  wide  X  21-g-"  high.   The 
brass  drums  were  carried  upon  ball  bearings  and  were  12^" 
apart  on  centers.   The  left  hand  end  of  the  framework 
carried  on  the  outside  a  vertical  manometer  tube  of  brass, 
1"  in  diameter  and  20"  long.   Its  upper  end  was  open  while 
the  lower  was  connected  to  a  rectangular  mercury  reservoir 
2  3/4"  high  X  6-|»  long  and  3|"  wide.  This  reservoir  also 
had  connections  on  its  upper  surface  for  the  lead  from  the 
oil  reservoir  by  meanB  of  which  the  pressure  v/as  transmitted. 
The  upper  of  the  two  brass  drums  mentioned  carried  a  brass 
pulley  upon  its  right  hand  end,  of  such  a  size  and  placed  in 
such  a  manner  that  a  vertical  tangent  drawn  to  its  circum- 
ference would  be  directly  above  the  center  of  the  manometer 
tube.   In  this  tube,  supported  by  the  mercury  column,  was 
a  steel  float  from  which  a  fine  cord  led  over  the  pulley 
and  fhence  down  to  ■  brass  counterweight.   Any  movement 
of  the  surface  of  the  mercury  in  the  tube  would  thus  tend 
to  cause  the  float  to  rise  or  sink  and  thereby  rotate  the 
drum.   A  chart  was  to  be  stretched  between  the  drums  so 
as  to  move  under  the  influence  of  the  float  and  its  counter- 
weight.  As  the  pressure  in  the  oil  reservoir  at  the  dynam- 
ometer varied, the  pressure  of  the  mercury  in  the  manometer 
would  also  vary,  according  to  the  theory  of  the  transmission 
of  fluid  pressures*  and  thus  the  drums  would  be  rotated  an 
amount  directly  proportional  to  the  torque  produced  at  the 
dynamometer. 

In  order  to  procure  a  device  for  producing  a  motion 


The  Gear  Set. 
Showing  the  method  employed  to  get  different  ratios 
of  speed  in  order  to  n.ake  the  tachometer  more  sen- 
sitive. 
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at  the  meter  directly  proportional  to  the  Bpeed,  it  was 
decided  to  rebuild  the  tachometer  used  last  year*      To  this 
end,  the  needle  pointer  and  the  dial  were  removed  and  an 
exceedingly  light  aluminum  pulley  substituted*       On  the 
outside  edge  or  face  of  pulley  was  machined  a  groove  capable 
of  carrying  two  strands  of  the  silk  cord.      In  place  of    the 
pulley  on  the  drive  shaft,  a  small  helical  gear  was  made  and 
used*       The  tachometer  had  too  great  a  range  of  speed  to 
give  satisfactory  results,  running  up  to  500  R.PiM*  which 
would  indicate  60  miles  prr  hour*       To  nake  a  more  accurate 
and  more  sensitive  instrument,  a  changable  speed  gear  was 
made,  involving  three  separate  gear  ratios*       The  gear  ratios 
were  as  follows s- 

Pirst 1:2 

Second 1:1 

Third 2^:1 

The  gears  were  made  of  brass  and  were  carried  upon 
steel  shaft  bearings*       One  of  these  shafts  was  free  to  slide 
in  its  bearings  so  that  any  of  the  three  desired  speeds  could 
be  obtained  by  shifting  the  gears,  or  shifting  the  shaft,  as 
the  gears  were  rigidly  secured  to  these  shafts*       A  combina- 
tion looking  and  shifting  device  was  designed  and  constructed* 
The  object  in  this  device  was  to  facilitate  the  change  of 
gear  ratio  and  also  to  hold  the  gears  in  their  respective 
positions,  in  other  words  to  prevent  them  from  coming  out 
of  mesh*       This  was  accomplished  by  placing  two  supporting 
bearingo  from  the  side  of  the  gear  box:       the  bearings  were 
made  thin  and  a  small  rectangular  slot  cut  in  each*       A 
small  yoke  was  made  of  •%"  stick  to  fit  in  the  groove  of  the 
large  gear*       This  serves  as  the  actuating  device  of  the 
entire  shaft*       Through  yoke  was  run  a  steel  shaft,  supported 
by  the  thin  bearings*      By  moving  shaft,  the  gears  are 
shifted  to  proper  position*       In  order  to  keep  gears  in 
mash,  a  small  slot  was  machined  in  the  shaft  at  the  bear- 
ing, when  the  gears  were  in  one  position;   thereby  allowing 
the  shaft  to  lodge  on  the  bearing  and  preventing  longitud- 
inal motion.      Upon  the  end  of  the  sliding  shaft,  outside 
the  gear  box,  a  large  bronze  helical  gear  was  fixed  to  mesh 
with  the  small  steel  helical  gear  of  the  tachometer*      The 
ratio  of  these  two  gears  was  6  to  1*       The  end  of  the  fixed 
shaft  was  to  be  driven  from  the  dynamometer  by  flexible 
shafting*      Upon  the  indicating  pulley  od  thy   tachometer  a 
light  silk  cord  was  wound  and  the  free  end  carried  up  and 
across  the  face  of  the  chart  of  the  horse  power  meter  by 
means  of  pulleys  and  a  counter  weight*       An  indicating  pointer 
was  fastened  to  this  cord,  so  that  a  motion  of  the  cord 
would  carry  the  pointer  across  the  chart  at  right  angles  to 
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to  the  direction  in  which  the  chart  itself  moves*      The 
combination  of  these  two  motions  is  in  direct  proportion 
to  the  poirer  absorbed  at  the  dynamometer. 

To  carry  the  drive  from  the  dynamometer  shaft 
to  the  gearbox  it  was  decided  to  use  flexible  shafting. 
Two  lengths  of  12  and  8  feet  respectively  were  accordingly 
bought  from  the  Stewart-?/arner  Speedometer  Corporation  and 
machined  to  fit  the  ends  of  ths  shafting.      In  order  to 
take  the  drive  off  the  dynamometer  shaft,  a  steel,  split 
gear  was  made  and  clamped  to  the  shaft.       A  bracket  made 
of  8f  X  £■  flat  steel  from  the  shaft  pedestal  carried 
another  gear  which  meshed  with  the  first.       From  one  end 
of  the  shaft  of  this  gear,  a  flexible  shaft  led  to  thj  gear- 
box.      From  the  other  end  of  this  shaft  another  flexible' 
shaft  led    to  a  brass  disc  used  for  driving  a  continuous 
speed  counter  and  also  to  facilitate  in  checking  up  of  te\ 
actual  R.P.M.       The  end  links  of  the  chain  shaft  were 
threaded  and  screwed  into  the  ends  of  the  drive  shafts. 
With  the  completion  of  the  changes  in  these  shafts,  the  actual 
construction  work  was  finished.       Brackets  were  made  for  use 
in  holding  the  apparatus  in  place,  and  various  minor'  details 
were  completed.       The  general  layout  of  the  test  rack  was 
carefully  inspected  to  see  that  the  parts  were  in  good 
working  order  before  the  other  apparatus  was  installed. 
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PART  TWO. 
Layout  and  Assembly . 
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PART  TWO. 
General  layout  of  the  machine,  methods  employed 
in  its  assembly  and  reasons  thereof* 


The  Herreschoff  Touring  Car. 
This  oar  was  to  be  used  in  the  test,but  failure  of 
the  apparatus  did  not  permit  its  use. 
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PART  TOO* 

Dssign  and  Construction* 

Layout  and.  Assembly:-   After  the  oil  pressure  reservoir 
was  installed,  and  the  horse  power  meter  completed,  the 
next  step  was  the  layout  of  the  oil  piping.   This  was  made 
of  f-«  bronze  tubing  with  standard  oast  iron  fittings* 
The  pipe  was  led  up  from  the  test  rack  pit  into  the  small 
channel  that  leads  back  from  the  pit  to  the  north  wall  of 
the  laboratory*   Prom  the  channel  it  was  brought  up  and 
connected  to  the  mercury  reservoir  of  the  meter*   A  two- 
foot  standpipe  was  also  attached  to  this  reservoir  in  order 
to  place  the  entire  line  under  pressure*   Great  oare  was 
taken  to  insure  the  absolute  freedom  of  the  line  from  air* 

Having  completed  the  pressure  endof  the  apparatus, 
the  next  step  was  the  assembly  of  the  speed  indi  eating  de- 
vice*  The  cord  of  the  tachometer  itself  was  clamped  in 
position  with  its  gear  in  mesh  with  that  of  the  gearbox* 
The  gearbox  in  turn  was  clamped  to  the  bed  plate  and  the 
flexible  shaft  brought  up  from  the  pit  and  attached*   The 
gears  of  the  dynamometer  shaft  were  adjusted  and  the  flex- 
ible shafting  clamped  in  position*   Great  difficulty  was 
experieneed  in  keeping  the  drive  shaft  in  a  position  with- 
out short  angle  bends*   The  load  upon  this  shafting  was 
found  to  be  greater  than  we  anticipated  so-  that  it  was 
essential  to  keep  the  shaft  as  nearly  straight  as  possible* 
Wrought  iron  brackets  were  finally  used  to  give  as  stiff 
a  support  as  could  be  obtained  under  the  cramped  conditions 
of  the  pit*   Then  completely  assembled  the  outfit  made  a 
very  good  appearance  and  seemed  to  promise  good  results* 
How  well  this  promise  was  carried  out  will  be  described  in 
the  following  pages* 


PART  THREE. 
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PART  THREE. 


Test  and  Discussion* 
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PART  THREE. 

Testing  of  the  apparatus >  what  little  that 
oo'Jild  be  done,  the  results  thereof;  the  failure  of  parts 
and  a  discussion  of  the  tests  and  the  failures. 
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PSRT  THREE. 


Tests  and  Discission. 


Introduction; -   When  the  horse  power  meter  was  finally  com— 
pletely  assembled,  it  was  decided  to  run  a  series  of  tests 
more  for  the  purpose  of  determining  the  practicability  of 
the  apparatus  than  for  any  idea  of  securing  practical  data. 
The  time  left  after  construction  was  completed  was  far  too 
limited  to  allow  of  anything  resembling  exhaustive  tests. 
Accordingly,  the  chief  idea  kept  in  mind  was  to  obtain 
information  upon  the  practical  operation  of  the  meter  with. 
a  view  of  outlining  further  changes  to  be  made  at  a  later 
date.   Viewed  in  this  light  the  tests  made  were  successful. 
As  a  means  of  obtaining  actual  data  upon  the  horse  power  de- 
livered at  the  rear  wheels  of  the  automobile,  they  were  a 
great  disappointment. 

When  everything  was  found  to  be  in  good  working 
order,  the  Halladay  chassis  was  backed  upon  the  pulleys  of 
the  dynamometer  and  blocked  in  position.   A  cable  incorporat- 
ing a  spring  balance  was  then  run  from  the  rear  axle  of  the 
car  to  an  eye-bolt  in  the  side  of  the  building  in  order  to 
prevent  the  car  from  moving  forward.   The  spring  balance 
then  furnished  a  direct  measure  of  the  tractive  effort. 
The  H.P.  meter  was  carefully  adjusted  to  good  working  con- 
ditions, but  was  not  equipped  with  a  chart,  as  the  preliminary 

runs  were  merely  to  permit  observations  upon  the  operation 
of  the  meter.   Despite  repeated  adjustment  it  was  found  im- 
possible to  reduce  the  load  at  the  gearbox  of  the  tachometer 
to  a  point  where  it  was  felt  the  flexible  shafting  would  not 
be  subject  to  any  undue  strain.   As  it  was  impossible  to 
better  conditions,  the  tests  were  started  as  slowly  as  possible 
in  order  to  apply  the  loads  gently. 

Almost  the  first  running  of  the  car,  however,  brought 
to  light  the  absolute  inability  of  the  shafting  to  transmit 
the  large  power  necessary.   The  end  of  the  shaft  at  the  dy- 
namometer developed  a  kink  almost  inmediately  and,  before 
the  car  could  be  stopped,  sheared  off  the  end  link.   It 
was  thought  at  first  that  this  damage  was  due  to  a  great  ex- 
tent to  the  insecure  mounting  of  the  shafting.   So  when  the 
shaft  had  been  repaired,  it  was  clamped  firmly  upon  additional 
brackets  and  once  more  attached  to  the  meter. 
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This  time  as  the  load  was  applied  gradually,   the 
gears  of  the  tachometer  began  to  rotate  and  the  entire  ap- 
paratus started  to  perform  its  given  functions.       Under 
the   influence  of  the  increased  pressure  in  the  oil  reser- 
voir at  the  dynamometer,  brought  about  by  the  increasing 
load,   the  mercury  level  in  the  manometer  at  the  meter  be- 
gan to  rise.       This  movement  raised  the  steel  float  and 
rotated  the  pulley  on  the   recording  drum.       The  entire 
apparatus  worked  so  successfully  that  the  load  was   in- 
creased a  trifle  in  order  to  note  the  results  at  the  meter. 
The   increased  load  however,  proved  too  much  for   the  flexible 
shaft,   for  after  twisting  a  dozen  links  completely  out  of 
shape,   the  end  link  snapped  once  more.       The  gearing  at  the 
dynamometer  was  then  disconnected  and  the  shafting  brought 
up  for  a  complete  inspection. 

The  results  of  this  inspection  proved  conclusive- 
ly that  it  was  useless  to  try  to  obtain  any  tests  in  which 
the  meter  was  to  be  driven  by  a  flexible  shaft.       The 
links  of  the  shaft  as  has  been  said,  were   found  to  have 
been  twisted  completely  out  of  shape.       When  it  is  realized 
that  these  links  are  made  of  hardened  steel  and  are  one- 
half  an  inch  in  diameter,   some   idea  can  be  had  of  the  tre- 
mendous power  required  to  drive  the  meter.       Time  did  not 
permit  of  a  substitute  for  the   shafting  being  made,   so  it 
was  decided  to  abandon  the  tests  for   this  year  and  allow 
some   future  class  to  design  an  improved  tachometer  drive. 

However,   the  shafting  held  out  long  enough  on 
the  last  run  to  enable  us   to  obtain  the  satisfaction  of 
seeing  the  meter  work.       How  accurate  it   is  and  within  what 
limits  of  speed  and  pressure  it  is  practical  are  of  course 
unknown  to  us;   but  at  least  we  do  know  that  it  will  oper- 
ate as  the   theoretical  design  intended  it  to.       We  un- 
hesitatingly predict  that  with  a  suitable  driving  mechan- 
ism substituted  for  the    flexible  shaft  the  meter  will  be 
a  success. 

A  little  investigation  into  the  problem  of  shaft- 
ing seems  to  point  toward  solid  shafts  and  level  gears,  or 
solid  drive  shafts  and  universal  joints  as  the  best  means 
of  securing  a  reliable  tachometer  drive.       As  to  which  of 
the  two  would  be  more  satisfactory,   only  actual  tests  will 
prove.       Either  will  furnish  a  more  positive  drive  than 
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the  flexible  shaft,  and  both  are  far  stronger.       Probably 
the  bevel  gearing  would  require  more   tine  to  construct 
and  install  owing  to  the  necessity  for  perfect  alignment 
and  solid  bearing  surfaces.       Once  installed,  however,  it 
irotild  be  more  compact  and  efficient  than  the  other.       All 
in  all,  then,    there  appears  to  be  little  to  choose  between 
the   two . 
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Tests;-       In  the  calibration  of  the  oil  reservoir,  the 
results  obtained  were  very  satisfactory.       Machines  to 
apply  a  load  mechanically  were  not  available  or  were  not 
sensitive  enough  so    it  was  decided  to  use  standard  50  pound 
weights.         These  weights  were  applied  and  the  manometer 
reading  taken  each  time.       The  mercury  column  varied  almost 
equal  increments  each  time,  thus  giving  the  desired  results. 

The  disc  was  calibrated  first,  with  a  glass  U- 
tube  as  a  manometer,  and  recording  device  attached.       The 
results  were  very  satisfactory  in  both  cases.       The   results 
of  these  curves  are  shown  on  the  curve  diagrams  and  in  the 
tabulated  farms  on  black  and  white  print  paper. 

In  the  test  on  the  tachometer,   it  appeared  as 
though,  the  counter  weight  was  much  too  heavy  to  permit  an 
accurate  and  sensitive  use  and  operation.       The   failure  of 
the  shafting  before  further  test  could  be  made  deprives  us 
of  a  great  deal  of  interesting  material  in  the  testing  line. 
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Conclusion. 

Taken  as  a  whole,  we  feel  that  this  thesis  has 
been  a  success.       While  we  obtained  absolutely  no  success- 
ful results  in  our  tests  of  the  apparatus,  nevertheless 
our  efforts  have  brought  the  horse  power  meter  down  to 
a  practical  basis.       The  fact  that  it  will  \rork  is  assured; 
all  that  is  necessary  is  to  refine  the  details  of  the 
tachometer  drive.       Design  and  constriction  are  always 
slow  and  arduous;  calibration  and   testing  are  by  far  the 
more  interesting  parts  of  a  thesis.       Lack  of  time  compels 
us  to  omit  these  parts  in  this  thesis,   even  as  last  year 
it  curtailed  the  work  laid  out  by  the  members  of  the  class 
of  1914  who  preceded  us  upon  this  work.       Another  year 
should  see  the  meter  successfully  completed,  with  a  care- 
ful calibration  and  a  series  of  exhaustive  tests.       We 
feel  confident  that  the  -work  done  this  year  is  fully  up  to 
the  regular  Armour  standard  both  in  quantity  and  quality. 
The  fact  that  actual  construction  work  occupied  practically 
the  whole  of  the  available  time,  has  not  been  allowed  in 
any  sense  to  interfere  with  the  original  research  so 
necessary  to  a  siecessful   thesis.       The  vork  done  is  our 
best;  as  such  we  submit  it  with  full  confidence  that  it 
will  be  acceptable. 
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